We assessed the fatty acid (FA) composition of anchoveta eggs collected from the plankton along with female anchoveta reproductive traits and environmental conditions during peak winter spawning in 2005 and 2007. Environmental conditions differed markedly between years at 3 continental shelf stations off Talcahuano, Chile, with a warmer, fresher water column in 2005 and a colder, saltier one in 2007. We confirmed differences in sea surface temperature, measured both at the coastal egg collection stations and using satellite images over a broader area, caused by south winds that induced coastal upwelling in 2007. Winter 2005 was largely dominated by typical small omnivorous and carnivorous copepods (Oncaea and Oithona), whereas in 2007, larger herbivorous calanoid copepods (with high polyunsaturated FA [PUFA] levels that are typical of upwelling conditions) and diatom abundance (indicated by the docosahexaenoic/eicosapentaenoic acids [DHA/EPA] ratio) increased. Although anchoveta eggs were smaller in 2005, batch size and relative fecundity per female were greater in 2007 because of larger ovaries. While relative amounts of saturated (SAFA), monounsaturated (MUFA) FA, and PUFA in anchoveta eggs in 2005 were within the ranges reported for marine fish species, in 2007, PUFA were in the upper and SAFA and MUFA in the lower ranges. Our results suggest that the higher PUFA and lower DHA/EPA values for anchoveta eggs in 2007 may have resulted from increased consumption of larger herbivorous copepods or direct consumption of larger phytoplankton, prey typical of cold upwelling conditions. Conversely, elevated SAFA and MUFA levels in 2005 may have resulted from consumption of smaller omnivorous/carnivorous copepods by adult fish.
INTRODUCTION
Fish populations with protracted reproductive seasons usually face contrasting environmental conditions during this period. From winter through spring, the fish commonly experience variations in environmental conditions such as the thermal structure of the water column and also in biological production, which may be particularly evident at mid-latitudes. Different habitat characteristics may affect the female fish metabolism and the amount of energy devoted to gametogenesis and, ultimately, the reproductive output. Female reproductive conditions change during the spawning season -even when environmental conditions do not -due to shifting energy allocations during the reproductive season. Thus, under natural condi-tions, most multiple spawner fish populations are expected to produce eggs with distinct levels of quality at different times in the season.
A number of morphological and biochemical characteristics have been suggested as indicators of egg quality. Those associated with size (volume, weight) are some of the most commonly cited in the literature. Egg size has been reported to vary with latitude and also during the spawning season (Blaxter & Hempel 1963 , Ciechomski 1973 , Llanos-Rivera & Castro 2004 . Larger egg sizes are often thought to be advantageous under environmental conditions in which larger hatching larvae would have a better chance for survival given their greater nutritional reserves, increased capability to search for food, or enhanced ability to avoid predators (Chambers 1997 , Rideout et al. 2005 . Other indicators of egg quality are egg shape, transparency, buoyancy, number and location of oil droplets, elemental composition, cell symmetry, and biochemical content (Evans et al. 1996 , Pickova et al. 1997 , Shields et al. 1997 , Carrillo et al. 2000 , Lahnsteiner & Patarnello 2005 , Bransden et al. 2007 ). Lipids and proteins are 2 biochemical compounds that affect fish egg quality, and reports indicate that the lipid and protein contents of eggs vary from the onset of the spawning season to its end. Off the Iberian Peninsula, concentrations of lipids, carbohydrates, and proteins decrease in Sardina pilchardus eggs as the spawning season progresses from winter to mid-spring, suggesting that better-quality eggs are spawned at low winter temperatures and when larval food is less abundant, thereby enhancing larval growth and survival (Riveiro et al. 2000 (Riveiro et al. , 2004 .
Fatty acids (FA) are reported to have a strong impact on egg quality, ultimately modifying offspring viability. Eicosapentaenoic acid (EPA, 20:5 n-3) and docosahexaenoic acid (DHA, 22:6 n-3) are 2 FA that affect egg quality, influencing hatch success or young larval development (Sargent et al. 1999) . In studies of cod, differences in hatching success, early embryonic cleavage patterns, and egg FA compositions for individuals from different stocks have also been reported (Pickova et al. 1997) . Rainuzzo et al. (1997) reviewed the significance of lipids for early stages of marine fishes; in some studies reported therein, variations of DHA and EPA in experimental diets fed to spawning females were found to affect hatch success, larval development, and egg pigmentation.
As in many invertebrates (Mayzaud et al. 1999) , FA from the food web are readily incorporated into young and adult fish. Examples of these range from demersal fishes (St. John & Lund 1996 , Dwyer et al. 2003 to mesopelagic myctophid fishes (Saito & Murata 1998) to forage fishes at high latitudes (Iverson et al. 2002) . A correspondence between the feeding environment and fish composition has also been observed in very productive zones such as upwelling areas (Lasker & Theilacker 1962) and could be a characteristic of planktivorous fish in short food web systems (Njinkoué et al. 2002) . The body tissues of female fish rapidly incorporate seasonal variations in food quality in terms of available FA. In clupeids such as Sardinops melanostictus, the FA composition of the muscle and gonads resembles precisely that of the plankton, indicating a clear association between differences in the FA composition of these fish tissues and seasonal variations in the plankton (Shirai et al. 2002) . Likewise, a study of Sardina pilchardus off the Iberian Peninsula by Garrido et al. (2007) revealed a relationship between the essential FA in the muscle and those in the gonads, suggesting that lipids pass from one to the other during different months of the spawning season. In some fish populations, it may be common for the essential FA (DHA, EPA) of the food web to be incorporated into the intermediate tissues and then into the gonads.
The anchoveta Engraulis ringens is an indeterminate multiple spawner. This small pelagic fish inhabits the Humboldt Current from 4 to 42°S. The environmental conditions vary widely in this latitudinal range. The southernmost anchoveta population is located off central Chile, with maximum fish abundances around 38 to 39°S. This anchoveta stock spawns in winter, when the temperature is lower than in northern Chile or Peru (home to the largest stock), wind-induced turbulence is stronger, and productivity is reduced by the lack of coastal upwelling and a seasonal light limitation (Castro et al. 2000 , Castro 2001 . Reports show that the volume of oocytes and subsequent early life history traits such as egg size, larval size, and yolk volume at hatching increase with latitude, suggesting that traits associated with egg and larval volume are determined during oocyte development in the gonads and also that environmental conditions may be able to modify these traits during early ontogeny (Castro et al. 2002 , Llanos-Rivera & Castro 2004 , Leal et al. 2009 ).
The biochemical contents of anchoveta eggs have also been reported to vary according to the distinct environmental conditions at different latitudes and also throughout the spawning season , Krautz et al. 2010 . Total lipid, protein, cholesterol, and triacylglycerol (TAG) concentrations are higher at the beginning of the spawning season in winter, when environmental conditions in the southern spawning habitat are the harshest of the entire spawning season. These lipid variations have been interpreted as beneficial for the younger life stages during the onset of winter spawning, when larval feeding and survival may be complicated by environmental conditions such as lower prey availability and higher windinduced turbulence.
However, the lipid composition of the eggs (other than TAG and cholesterol) should also be expected to vary during the spawning season according to the type of food consumed by the adult females, as observed in other clupeiform fishes (Shirai et al. 2002 , Garrido et al. 2007 . Because environmental conditions also vary on time scales other than seasonal (i.e. interannual, interdecadal), we can also expect alterations in the food web and prey field and, consequently, in the composition of eggs spawned under different habitat conditions between years in some areas.
In this study, we assessed the FA composition of anchoveta eggs from the southernmost population during the peak spawning months in 2 winter seasons. This is the first FA analysis done on the eggs of this key pelagic species of the Humboldt Current. Our analyses included (1) FA determinations for eggs in the winters of 2005 and 2007 under contrasting habitat conditions in terms of temperature and food availability for females, (2) size determinations of eggs in the plankton, and (3) an assessment of the reproductive traits of adult females spawning in the same area and seasons. Basically, we set out to link common variations in habitat characteristics, reproductive traits, and egg quality indicators under natural conditions for one of the most abundant key pelagic species in the Humboldt Current (Cury et al. 2000 ).
MATERIALS AND METHODS
Monthly cruises were made to 3 coastal (3 to 5 nautical miles offshore) oceanographic stations off Talcahuano, central Chile, on board the RV 'Kay-Kay' during the main anchoveta spawning season, from mid-winter (July) to early spring (September) in 2005 and 2007. The sea surface temperature (SST) was recorded on board (bucket temperature) at each station. In 2007, CTD casts were also done from the surface to ~40 m depth. At each station, ichthyoplankton samples were gently collected with Bongo nets (300 µm mesh, 60 cm diameter, equipped with flowmeters) from the surface down to 20 m. Plankton samples were maintained in 4 l buckets filled with seawater and transported to the Marine Biology Station in Dichato within 2 h of collection; samples were transported in 60 l coolers, in the dark, and at a constant temperature. At the laboratory, anchoveta eggs that had not yet reached the embryo stage (<1 d old, corresponding to Stages 1-3, after Fisher 1958) were separated and 2 to 4 subsamples (200 eggs each) were deep-frozen in liquid nitrogen for FA analyses. Another 2 subsamples (50 eggs each) were separated for wet and dry wt determinations, and a last subsample (~200 eggs) was separated for egg size measure-ments. The rest of the zooplankton sample was then preserved in 5% formaldehyde for mesozooplankton identification and quantification.
Wet and dry egg weights were determined with a analytical balance (0.0001 g resolution) after initially drying the subsample of eggs with absorbent paper and then drying the same subsample for 24 h at 60°C. The FA determinations were carried out by gas chromatography (GC) with a flame ionization detector (FID) after an hexane extraction and an esterification using sodium methoxide following methods proposed by Cantellops et al. (1999) .
Eggs preserved in formaldehyde were measured under a binocular microscope, along the (a) longest and (b) shortest axes; these measurements were used to estimate egg volume utilizing the equation for ellipsoids: (4/3)πab 2 . We used Zooimage software (www. sciviews.org/zooimage/index.html) to identify and quantify zooplankton; first staining and scanning variable fractions of the formalin-preserved mesozooplankton samples and then analyzing them with the aforementioned program. The program also grouped the different species into major zooplankton groups and classified the organisms in 2 size ranges (300-1000 µm and >1000 µm) based on body length.
Data on reproductive traits were obtained from adult females collected during annual winter surveys and used for reproductive stock biomass assessments (daily egg production method; Parker 1980) of anchoveta in central Chile; these assessments were carried out by the same research group in August and September 2005 and 2007 in the same study area used to collect eggs for FA determinations. Reproductive data included number of oocytes per unit of ovary weight, ovary and body weight, and batch fecundity. Batch fecundity (number of oocytes liberated by a female in 1 spawning event) was estimated based on hydrated females using the gravimetric method described by Hunter & Goldberg (1980) , excluding females with new postovulatory follicles. The oocyte counts were carried out on 3 ovary sections of ~0.2 g each, from which at least 100 hydrated oocytes were observed. We analyzed 23 females in 2005 and 92 females in 2007.
Additional oceanographic data (temperature and salinity profiles) were obtained from the COPAS Time Series at Stn 18 off Talcahuano (www.copas.udec.cl/ eng/research/serie/). Plankton samples (diatoms, dinoflagellates and ciliates) were obtained with Niskin bottles at 10 m depth and preserved with borax-buffered formaldehyde. These samples were counted and identified under an inverted microscope (Carl Zeiss Axiovert 200) following the methodology of Utermöhl (1958) . This station is located on the continental shelf in our study area and has been monitored every month since 2002 by the Center of Oceanographic Research in the Eastern South Pacific (FONDAP-COPAS Center) of the Universidad de Concepción. Also, SST satellite images (NOAA 14) were obtained daily during the middle of the 2005 and 2007 sampling seasons. Because of cloud cover, composite images of up to 3 d were processed and are presented in this study. Data are presented as mean ± SD.
RESULTS

Fatty acids
In 2005 and 2007, polyunsaturated fatty acids (PUFA) made up the largest proportion of the FA, followed by saturated (SAFA) and monounsaturated (MUFA) fatty acids ( Table 1 ). The proportions of these 3 FA classes did not vary much during the 3 months sampled each year. SAFA and MUFA constituted a larger percentage of the total FA in 2005 than in 2007, with significant differences between years in August and September (p < 0.05), whereas the proportion of PUFA was greater in 2007 than in 2005, with significant differences between July and September (p < 0.05).
The FA 22:6 n-3 (DHA) (22.1 ± 1.8) constituted the largest mean percentage of the eggs in 2005, followed by 16:0 (palmitic acid) (19.7 ± 0.8) and 20:5 n-3 (EPA) (15.7 ± 1.7). In 2007, however, EPA (43.5 ± 10.7) made up the largest proportion of the FA, followed by DHA (15.6 ± 4.7) and 18:1 n-9 (6.7 ± 1.8).
The 20:4 n-6 (arachidonic acids, AA) proportions were 1.2 (± 0.2) and 2.8 (± 0.8) in 2005 and 2007, respectively. The 3 most abundant FA for each year constituted between 57 and 66% of the total.
Of the four n-3 PUFA studied, two showed a larger proportion in 2007 than in 2005 ( Fig. 1) ; these were 18:4 n-3 (t calc = 5.14; p = 0.0002), and EPA (t calc = 4.5; p = 0.0006). The other 2 FA (18:3 n-3 and DHA) did not differ between years. Interestingly, the proportion of 18:3 n-3 (linolenic acid) increased with the spawning season progressing from July to August in both years. Araquidonic acid proportion also increased during 2007 (t calc = 3.4; p = 0.0047).
The DHA/EPA ratios of the mean monthly percentages were higher in 2005 (1.4 ± 1.3) than in 2007 (0.4 ± 0.4) (t calc = 2.9; p = 0.013). In 2005, these mean monthly ratios were very similar throughout the season (Table 1) . 4.3 ± 0.4 4.6 ± 0.1 4.4 ± 0.5 1.7 ± 1.0 2.8 ± 0.0 3.1 ± 0.7 4.5 ± 0.1 2.5 ± 0.7 17:0 2.7 ± 1.4 1.9 ± 0.9 1.2 ± 0.2 0.3 ± 0.0 0.6 ± 0.1 0.6 ± 0.0 1.9 ± 0.7 0.5 ± 0.1 17:1
3.4 ± 0.8 3.1 ± 0.3 3.8 ± 0.4 4.7 ± 1.4 1.9 ± 0.3 4.5 ± 1.5 3.4 ± 0.4 3.7 ± 1.5 18:1 n-9 13.3 ± 2.3 10.8 ± 0.9 13.2 ± 0.5 6.3 ± 1.5 5.0 ± 0.8 8.7 ± 5.5 12.4 ± 1.4 6.7 ± 1.8 18:2 n-6 2.7 ± 1.0 2.0 ± 0.7 2.0 ± 0.4 2.0 ± 1.0 2.2 ± 0.4 2.8 ± 2.2 2.2 ± 0.4 2.3 ± 0.4 18:4 n-3 0.9 ± 0.5 0.7 ± 0.2 0.8 ± 0.6 3.0 ± 0.7 1.5 ± 0.3 3.1 ± 0.0 0.8 ± 0.1 2.5 ± 0.9 18:3 n-3 0.6 ± 0.3 1.0 ± 0.5 1.6 ± 0.5 0.6 ± 0.5 1.1 ± 0. 
Reproductive traits
The mean number of oocytes per gram of ovary was ~10% lower in 2007 (2988 ± 478) than in 2005 (3210 ± 510). However, the mean female gonad weights were much higher (~50%) in 2007 (t calc = 5.96; p = 0.0001), leading to a similar proportion of increased mean batch fecundity in 2007 ( Table 2 ). The effect of the female's size was discarded by a regression between body weight and ovary weight forced to the origin because this indicated a significantly (p < 0.05) higher slope in 2007 (y = 0.144x; p < 0.05) than in 2005 (y = 0.101x; p < 0.05). The results of the regression between batch fecundity and body weight were similar (y = 313.9x for 2005 and y = 419.9x for 2007; p < 0.05 in both years). Therefore, all reproductive parameters measured were higher in 2007 for the same female size.
The eggs from the plankton were larger in winter 2007 than in winter 2005 ( Table 2 ). The series of plots showing monthly mean fractions (%) of FA and mean monthly egg volumes indicates a higher proportion of SAFA and MUFA in lower-volume anchoveta eggs from the plankton and a positive trend in PUFA as egg volume increases. Of the PUFA, 18:4 n-3, AA, and EPA show the same increasing trend with egg volume, while DHA shows an inverse trend and decreases with increasing egg volume ( Fig. 1) .
Environmental conditions
The environmental conditions also differed between the winters of 2005 and 2007. In 2005, the mean SST at the 3 sampled oceanographic stations was higher by ~1°C than in winter 2007. On a larger spatial scale, SST images of the main spawning zone in central Chile obtained for August and September also showed that winter 2005 was 1 to 2°C warmer (Fig. 2) .
Within the larger time frame of our 7 yr time-series of oceanographic measurements at Stn 18, which started in (Fig. 3) .
The series of plots showing monthly mean fractions of % FA and of SST during the cruises indicated higher SAFA and MUFA but lower PUFA with higher temperatures. Reciprocal to their increasing trend with increasing egg volume, the 3 PUFA (18:4 n-3, AA, EPA) showed a decreasing trend with temperature. Conversely, DHA increased with SST ( Fig. 4) . The microplankton items identified included diatoms, dinoflagellates, ciliates, and other less abundant items (nauplii, copepods eggs). Among diatoms, Skeletonema, Chaetoceros, Thalassiosira were the most abundant genera in both years and total diatom abundance increased from 2005 to 2007 (Figs. 5 & 6) . Dinoflagellates and ciliates were the most abundant taxa of the microzooplankton, and their abundance also increased in 2007. Whereas dinoflagellates and ciliates were more abundant at the beginning of winter (July to August) in 2005, their abundance and that of diatoms increased to the end of the season (September) in 2007. The analyses of the mesozooplankton samples collected during the research cruises showed that 2 major groups (copepods, appendicularians) dominated mesozooplankton. Copepods were dominant in both years (by more than one order of magnitude). Their total abundance shifted from a lower density in 2005 (198.5 ind. m -3 ) to a higher density in 2007 (315.7 ind. m -3 ). More changes were observed in the copepod composition: whereas Oncaeidae were clearly the most abundant in 2005, 2 yr later, the Calanidae had increased to abundances similar to those of the Oncaidae in 2005 (Fig. 6) .
DISCUSSION
We assessed the FA composition of eggs present in the plankton during peak (winter) anchoveta spawning periods in 2 years, along with the reproductive traits of spawning females and environmental conditions. Our results showed variations in habitat characteristics (seawater temperature, food for adult fishes), reproductive traits (number of oocytes per gram of ovary, female fecundity, egg volume), and spawned egg quality as estimated by FA composition. Differences in habitat characteristics are not uncommon in these types of ecosystems and may be the result of normal inter-annual variability at mid-latitudes or the result of extreme conditions such as El Niño or La Niña events, which regularly occur along the Humboldt Current. Variations in the number of eggs per gram of ovary have not been reported for anchoveta at this latitude. However, inter-annual variations in reproductive traits such as fecundity or oocyte and egg sizes have already been reported for several populations located along the Humboldt Current (Ayon 2000 , Castro et al. 2000 , Llanos-Rivera & Castro 2004 ). Finally, variations in egg quality in terms of other characteristics (lipid, protein, and free amino acid contents) have just recently been documented , Krautz et al. 2010 . The use of FA as indicators of egg quality and their potential association with female reproductive traits and environmental conditions have yet to be explored. The environmental conditions in winters 2005 and 2007 were contrasting. Whereas our monitoring station showed the warmest and freshest water column of the 7 yr time-series in winter 2005, the water column was coldest and the most saline in winter 2007. Our data on surface temperature at the coastal oceanographic sta-tions as well as over the entire region confirm the difference in the thermal regime between these years for the anchoveta spawning zone. The hydrographic information for 2007 and wind data analyses carried out during the same months indicated that south winds occurred inducing upwelling at the coast in winter (Castro et al. 2008) , although downwelling usually occurs in the coastal zone during this season (Castro et al. 2000) . The different oceanographic conditions found in the 2 studied years also extended to the microand mesozooplankton composition. Mean diatom abundances increased notoriously in 2007. In mid-winter 2005, mostly omnivorous and carnivorous small-sized copepods (Oncaeidae and Oithonidae) predominated, unlike winter 2007, when larger herbivorous-omnivorous calanoid copepods (mostly copepodites and adult Calanidae), typical of upwelling conditions, were predominant. In terms of zooplankton biomass, winter 2007 revealed the highest biomass values during the 7 yr time-series (Castro et al. 2008) .
The anchoveta egg volumes differed between the winter spawns of 2005 and 2007. Variations in egg volumes have been recorded for many fish species in response to changes in environmental conditions. In anchoveta, egg sizes have been shown to vary with latitude (larger sizes at higher latitudes) and throughout the spawning season (larger sizes early in the winter spawning season) (Castro et al. 2002 , Llanos Rivera & Castro 2004 . Moreover, the reported variations in the biochemical composition of the eggs (larger eggs contain higher concentrations of total lipids, cholesterol, and proteins) have been interpreted as beneficial for the young larvae in winter, when normal oceanographic conditions for feeding are harsher than during the rest of the year ). Our current results agree with these previous studies in the sense that larger eggs were also observed in the cooler winter (2007) . The assumption that there is a relationship between egg size and food availability for young larvae is also supported since smaller-sized copepods (presumably more prone to being captured by the youngest larvae) were most abundant in 2005 when eggs were smaller; their larvae would not need much lipid reserves because small-size food would be more readily available. Data: monthly means ± SD. See Fig. 1 for FA definitions The fractions of the FA types (SAFA, MUFA, PUFA) determined in anchoveta eggs in 2005 were within the ranges reported for eggs or female gonads of other marine fish species collected from the wild. However, the values found in 2007 were either in the upper (68% PUFA) or the lower (18% SAFA and 11% MUFA) range of those reported for most species. These different FA were mostly due to the high values of PUFA as a result of the extremely high EPA values in 2007 (34.6 to 55.4%). In the literature, the EPA values for eggs, female gonads, or even other fish tissues (muscle, skin, liver) are usually < 20%, including aquaculture fish species fed special diets (Tocher & Sargent 1984 , Navas et al. 1997 , Pickova et al. 1997 , Sargent et al. 1999 , Morehead et al. 2001 , Iverson et al. 2002 , Njinkoué et al. 2002 , Shirai et al. 2002 , Li et al. 2005 , Salze et al. 2005 , Bransden et al. 2007 , Garrido et al. 2007 , Huynh et al. 2007 , Özogul & Özogul 2007 . Causes of our high values are not known but could be due to the combined effect of the direct ingestion of long chain-forming diatoms and large calanoid copepods, and the lower temperatures in 2007.
A relationship was observed between temperature and the FA composition in both years of our study, revealing higher PUFA in the eggs collected from the cooler waters (2007) and higher SAFA and MUFA in those from the warmer waters (2005) . Interestingly, these results agree with previous reports indicating that PUFA are more abundant in fishes from colder waters, whereas SAFA and MUFA are generally more abundant in temperate or warmer-water fishes (Halver 1980 , Magalhães et al. 2010 . From a biological point of view, growth of most poikilotherms at low temperatures usually leads to increased levels of PUFA rather than monoenes in their membrane lipids (Hazel 1995) . Litz et al. (2010) recently reported a coincidence within upwelling areas between differences of ~1 to 3°C in seawater temperature (early vs. late summer) and changes in FA composition in forage fishes (e.g. northern anchovy, Pacific sardine, Pacific herring of the California Current). Also, they reported that ~1 to 2°C difference between the early summers and between the late summers of 2005 and 2006 coincided with differences in FA composition in these small pelagic fishes. However, since changes in temperature occurred in conjunction with variations in productivity due to the incorporation of nutrients into the photic zone through coastal upwelling, the effect of temperature cannot be isolated from other environmental factors. In the case of upwelling areas such as the California Current, changes in environmental conditions include notorious shifts in productivity and plankton composition (diatoms, dinoflagellates); thus, changes in the FA composition of forage fishes were explained mainly based on variations in their food quality in the field (Litz et al. 2010 ).
In the present study, the differences among FA classes in anchoveta eggs may also have resulted from changes in the edible food availability, as suggested by the analysis of prey items for females during the contrasting sampling seasons (2005 vs. 2007 ). Our results show that small-sized copepods (Oncaeidae, Oithonidae) dominated in winter 2005. Cyclopoid and poecillostomid copepods such as oithonids and Oncaea spp. have been reported in anchoveta guts in central Chile (Rebolledo & Cubillos 2003) as well as in anchovies from other regions (van der Lingen et al. 2009 ). The FA composition of zooplankton is determined by the type of food sources they ingest. Oncaeidae and Oithonidae copepods have been reported to be mainly omnivores, detritivores, or carnivores (Go et al. 1998 , Castellani et al. 2005 . Besides feeding on microalgae, these copepods can prey heavily on ciliates, rotifers, and copepod nauplii, among other small-sized prey (Wickham 1995) . Ciliates, although usually considered to be herbivores, may be major consumers of heterotrophic flagellates that, in turn, consume bacteria. Therefore, these small copepods may constitute a link between the classical and microbial food webs (Gifford 1991 , Nakamura & Turner 1997 . Recent studies have demonstrated that Oithonidae and Oncaeidae copepods have distinctive FA compositions that may distinguish them from other zooplankters ). In the same area of our study, Vargas et al. (2006) found changes in the FA composition of copepods and in their egg production throughout the year and associated them with the results for the different feeding conditions occurring at different times of the year. Late in autumn and winter, higher SAFA and MUFA were observed in copepods as a result of a change in feeding: large phytoplankton in summer versus small ciliates and dinoflagellates in winter. Springtime primary production and diatom-based feeding were accompanied by increased copepod PUFA and egg production. Our results resemble those of Vargas et al. (2006) in the sense that, in more productive seasons, PUFA constituted the largest fraction of FA in anchoveta eggs, possibly resulting from the consumption of larger-sized phytoplankton (usually rich in PUFA; Dalsgaard et al. 2003) by larger herbivore calanoid copepods, as observed in 2007, or from the direct consumption of larger-sized phytoplankton by female anchovetas. Alternatively, in the less productive, warmer winter (2005), when SAFA and MUFA were dominant in the eggs, female anchovies fed on the more abundant, smaller-sized cyclopoid and poecillostomid copepods (these, in turn, might have fed on small ciliates and dinoflagellates). An alternative source of support for this food-web hypothesis may be drawn from the typical FA composition of dinoflagellates and diatoms, the typical phytoplankton groups in low and high production seasons. Budge & Parrish (1998) stated that a DHA/EPA ratio ≥1 may indicate the dominance of dinoflagellates, whereas values <1 could suggest a greater contribution of diatoms. Applying this criterion, our results for the DHA/EPA ratios in anchoveta eggs between spawning seasons support the hypothesis of an increased proportion of DHA from dinoflagellates incorporated into females through the small Oncaea copepods abundant in the less productive, warm winter 2005 and a higher proportion of EPA from diatoms in the more productive, cold winter 2007, when larger herbivore copepods were more abundant in the area. The overall biological environmental conditions (larger copepods, highest zooplankton biomass in many years), reproductive characteristics (larger gonads, increased batch and relative fecundity), egg size (larger egg volumes, which have been reported to correlate with total lipids and increased hatch success), and biochemical indicators of egg quality (higher PUFA) suggest that the fate of the spawn in 2007 should have been good. However, this particular set of characteristics cannot arise in this environment and population without the presence of unusual upwellingfavorable winds in the area for several weeks in winter (Castro et al. 2008) . Interestingly, the occurrence of this process may also have involved major trade-offs for small pelagic fish populations because these winds induce the transport of eggs and larvae away from the coastal environment, which has rich, favorable conditions for larval development. In low latitude areas, winter upwelling is the norm, and young offspring are not transported far from the coast because the net seaward flux is not high (given the deep depth of the mixed layer) (Bakun 1996) . However, at mid-latitudes such as off Concepción (36 to 37°S), Chile, the seaward transport of eggs and larvae may be intense since the depth of the mixed layer is very shallow. Thus, potentially beneficial conditions in the feeding environment and population biology of mid-latitude areas such as Talcahuano may not necessarily result in high recruitment and immediate increments in the biomass of fish stocks because the benign conditions (e.g. those of the 2007 spawning season) have to be balanced with other environmental trade-offs that may be more important in this area than at other latitudes (Cury & Roy 1989) . 
